BACKGROUND: Young adults with hypertension have the lowest prevalence of controlled blood pressure compared to middle-aged and older adults. Uncontrolled hypertension, even among young adults, increases future cardiovascular event risk. However, antihypertensive medication initiation is poorly understood among young adults and may be an important intervention point for this group. OBJECTIVE: The purpose of this study was to compare rates and predictors of antihypertensive medication initiation between young adults and middle-aged and older adults with incident hypertension and regular primary care contact. DESIGN: A retrospective analysis PARTICIPANTS: Adults ≥ 18 years old (n=10,022) with incident hypertension and no prior antihypertensive prescription, who received primary care at a large, Midwestern, academic practice from 2008-2011. MAIN MEASURES: The primary outcome was time from date of meeting hypertension criteria to antihypertensive medication initiation, or blood pressure normalization without medication. Kaplan-Meier analysis was used to estimate the probability of antihypertensive medication initiation over time. Cox proportional-hazard models (HR; 95 % CI) were fit to identify predictors of delays in medication initiation, with a subsequent subpopulation analysis for young adults (18-39 years old). KEY RESULTS: After a mean follow-up of 20 (±13) months, 34 % of 18-39 year-olds with hypertension met the endpoint, compared to 44 % of 40-59 year-olds and 56 % of ≥ 60 year-olds. Adjusting for patient and provider factors, 18-39 year-olds had a 44 % slower rate of medication initiation (HR 0.56; 0.47-0.67) than ≥ 60 year-olds. Among young adults, males, patients with mild hypertension, and White patients had a slower rate of medication initiation. Young adults with Medicaid and more clinic visits had faster rates. CONCLUSIONS: Even with regular primary care contact and continued elevated blood pressure, young adults had slower rates of antihypertensive medication initiation than middle-aged and older adults. Interventions are needed to address multifactorial barriers contributing to poor hypertension control among young adults.
INTRODUCTION
In the United States, at least one in ten young adults 1 (18-39 year-olds) have hypertension. 2 However, young adults with hypertension have the lowest prevalence of blood pressure control (38 %) compared to middle-aged (55 %) and older adults (53 %). 2, 3 In addition, young adults diagnosed with hypertension have the lowest prevalence of antihypertensive medication treatment (49 %) compared to middle-aged (73 %) and older adults (80 %). 3, 4 Antihypertensive medication initiation is poorly understood among young adults, and may be an important intervention point to improve hypertension control among young adults who require medication.
Hypertension in young adulthood increases the risk of future cardiovascular events. 5 Following lifestyle modifications, the JNC 7 guidelines recommend the initiation of antihypertensive medication if the blood pressure remains elevated. 6 It has been demonstrated that once medication is initiated, young adults can achieve a higher prevalence of hypertension control (> 60 %), 1, 7 and within a shorter time than older adults. 8 Prior work suggested that young adults with elevated blood pressures are less likely than older adults to receive antihypertensive medication even after lifestyle modification attempts. 3, 4, 9 Previous studies evaluating predictors of antihypertensive medication initiation have focused primarily on middleaged and older adults. These studies highlighted a lack of a usual source of medical care, fewer medical visits, and milder blood pressure elevation as contributors to low rates of antihypertensive medication initiation. 3, [10] [11] [12] The few previous studies evaluating rates and predictors of antihypertensive medication in young adults were limited by a small sample size and/or focused on young adults with poor access to care. 1, 13, 14 Therefore, the objectives of our study were to compare rates and predictors of antihypertensive medication initiation in a large young adult population (18-39 years old) with incident hypertension and regular primary care contact, to middle-aged (40-59 years old) and older adults (≥60 years old), with a long-term goal of informing the design of quality interventions to improve hypertension control in younger adults.
METHODS

Sample
This study was approved by the University of WisconsinMadison Health Sciences Institutional Review Board with a waiver of consent, and consisted of a secondary retrospective analysis of electronic medical record data from a large, Midwestern, multi-disciplinary academic group practice. We first identified all patients ≥ 18 years who met established criteria from the Wisconsin Collaborative for Healthcare Quality (WCHQ) 15, 16 for being "currently managed" in the practice between 1 January 2008 and 31 December 2011. WCHQ is a multi-stakeholder, voluntary consortium of Wisconsin organizations committed to publicly reporting performance measures of quality and affordability of healthcare services. 17 Per WCHQ, patients had to have ≥ 2 billable office encounters in an outpatient, non-urgent, primary care setting, or one primary care and one office encounter in urgent care (regardless of diagnosis code), in the 3 years prior to study enrollment, with at least one of those visits in the prior 2 years. 18 Patients were defined as receiving regular primary care contact if they met criteria for being "currently managed". Patient records were then evaluated for the first date that JNC 7 clinical blood pressure criteria for a new diagnosis of hypertension 6 (incident hypertension) were met. A patient met blood pressure eligibility criteria based on the following electronic health record data: a) ≥ 3 outpatient blood pressure measurements from three separate dates, ≥ 30 days apart but within a 2-year span (systolic blood pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg) 6 or b) two elevated blood pressures 19, 20 (systolic blood pressure ≥ 160 mmHg or diastolic blood pressure ≥ 100 mmHg), ≥ 30 days apart, but within a 2-year period. The blood pressures did not need to be from billable encounters. If more than one blood pressure was taken at a visit, the average was used. 6 A total of 33,974 patients met both JNC 7 blood pressure eligibility criteria for incident hypertension and WCHQ "currently managed" criteria (Fig. 1) .
The 365 days prior to study enrollment was the "baseline period" to assess patients' baseline comorbidities and utilization. To achieve a final sample with incident hypertension, patients were then excluded if they had an antihypertensive medication prescription or a prior hypertension diagnosis in the baseline period per the Tu criteria. 21 The Tu algorithm for administrative data is used to define patients who have been diagnosed with hypertension using the following ICD-9 codes: 21 401.x (essential hypertension), 402.x (hypertensive heart disease), 403.x (hypertensive renal disease), 404.x (hypertensive heart and renal disease), 405.x (secondary hypertension). Pregnant patients were also excluded one year before, during, and one year after pregnancy using a modified Manson approach. 22 After these exclusion criteria, our final sample included 10,022 primary care patients meeting clinical criteria for incident hypertension.
Patients were enrolled in the study from the date they met criteria for being both currently managed and having incident hypertension without prior treatment. Patients continued to accrue time in this study until: a) an antihypertensive medication was prescribed as recorded in the outpatient electronic health record; b) they achieved blood pressure control before antihypertensive medication initiation; or c) censoring. Blood pressure control was defined per JNC 7 as three consecutive normal blood pressures on three separate dates (< 130/80 mmHg if diagnosed with diabetes mellitus or chronic kidney disease; otherwise < 140/90 mmHg). 6 Patients were censored if they died (censored day of death) or were no longer currently managed (censored at end of calendar year).
15,16
Primary Outcome Variables
The main outcome was time from cohort entry (the day hypertension and currently managed criteria were met) to an initial outpatient electronic medical record entry of an antihypertensive medication prescription, or achieving hypertension control prior to antihypertensive medication initiation. Guidelines for the treatment of hypertension often include lifestyle modification, which can normalize blood pressure without or prior to medication initiation. Results are reported in months.
Explanatory Variables
Patient and provider explanatory variables to identify barriers to hypertension management, including antihypertensive initiation, were selected based on an established conceptual model for clinical inertia. 23 Patient-related factors included: sociodemographics (age, sex, marital status, Medicaid use during the baseline or study period, primary spoken language), behavioral risk factors (baseline tobacco use and body mass index at time of meeting hypertension criteria), JNC 7 stage of hypertension (Stage 1: 140-159/90-99 mmHg; Stage 2: ≥ 160/ 100 mmHg), and comorbidities. Patient comorbidities were assessed at baseline using established algorithms. We identified the presence of hyperlipidemia, 24 diabetes mellitus (with/ without complications), 25 anxiety, and depression. 26 Due to low prevalences, we created an indicator variable for the presence of any of the following comorbidities: atrial fibrillation, 27 congestive heart failure, 24 stroke/transient ischemic attack, 27 ischemic heart disease, 27 peripheral vascular disease, 28 collagen vascular disease, 29 deficiency anemias, 29 and chronic kidney disease. 30 Based on previous studies, patients' morbidity burden can predict healthcare utilization, which may influence antihypertensive medication initiation.
3,4,31 Therefore, we used the Johns Hopkins Adjusted Clinical Group (ACG) Case-Mix System (version 10.0), which assesses morbidity burden based on patient age, gender, and patterns of disease in the electronic health record. 31 Additional measures of utilization included the number of baseline primary care, specialty, and urgent care visits. Primary care visits were divided into three categories: Family Medicine, Internal Medicine, and a combined category of lower prevalence specialties (Obstetrics/Gynecology, Pediatrics/Adolescent Medicine, Geriatrics).
Patients were assigned to the primary care provider they saw most frequently in outpatient face-to-face Evaluation & Management visits, as reported in professional service claims. 18 Models additionally controlled for each provider's age, specialty (Internal Medicine, Family Medicine/Family Practice, Other), and gender, which were obtained from the provider group's human resource office and/or the American Medical Association (AMA) 2011 Masterfile data.
Statistical Analysis
Analyses were conducted using SAS 9.1.3 (SAS Institute, Inc., Cary, NC) and Stata 12.0 (Stata-Corp, College Station, TX). Univariate Kaplan-Meier survival curves 32 were computed for age groups (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (59) , and ≥ 60 years) to evaluate the probability of receiving an initial antihypertensive medication or becoming normotensive prior to medication (meeting the study endpoint) as a function of time since meeting criteria for incident hypertension. A multivariable Cox proportional hazards regression analysis was fitted, and robust estimates of the variance were used to obtain adjusted hazard ratios (HRs) and 95 % confidence intervals (CIs) for explanatory variables associated with the study end point for a) all age groups and b) young adults (18-39 year-olds). Tests were considered significant at p<0.05. Explanatory variables statistically significant at p<0.2 in Pearson correlations 33 and based on the established conceptual model for clinical inertia were considered for inclusion in regression models. 23 The proportional hazards assumption for each model was tested using a generalized linear regression of the scaled Schoenfeld residuals on functions of time. 34 In a sensitivity analysis, regression models were repeated excluding patients with < 6 months follow-up.
RESULTS
Descriptive Data
Overall, 10,022 patients met criteria for analysis ( Fig. 1 ; Table 1 ). Patients had a mean (standard deviation) of 20 (13) months of follow-up: 18-39 year-olds 19 (13) months, 40-59 year-olds 20 (13) months, and ≥ 60 year-olds 20 (14) months. A total of 1,468 patients (15 %) were censored within the first 36 months of follow-up, due to no longer meeting "currently managed" criteria, pregnancy, or death.
Young adults made up 26 % (n=2,605) of the sample, and 64 % of young adults were men (Table 1 ). Compared to adults 
Rates of Antihypertensive Medication Initiation/Hypertension Control
Among the entire population, 4,534 patients either received an antihypertensive medication prescription (n=4,149) and/or achieved hypertension control prior to medication initiation (n=385) (Fig. 2) . Of the 2,605 young adults, n=451 received antihypertensive medication and n=66 achieved hypertension control prior to medication initiation. Kaplan-Meier curves demonstrated that overall, young adults had a slower rate of medication initiation or control than ≥ 40 year-olds (Fig. 2) . After meeting criteria for incident hypertension, only 34 % of 18-39 year-olds with hypertension were prescribed antihypertensive medication or achieved control before medication, compared to 44 % (40-59 year-olds) and 56 % (≥ 60 yearolds). The likelihood of achieving the primary outcome increased over time for all age groups (Fig. 2) .
Predictors of Time to Antihypertensive Medication Initiation/Hypertension Control
Unadjusted Cox proportional hazards models ( Appendix, available online) , we re-analyzed our model to include only patients with > 6 months follow-up. Our results demonstrated the same predictors as our original model, except for two differences. White race significantly predicted slower medication initiation; this was a trend (p=0.05) in the original model. Also, the low prevalence variable was not significant compared to the original model. Since the low prevalence variable included conditions such as congestive heart failure, these patients likely received antihypertensive medication earlier in follow-up (< 6 months).
Predictors of Time to Antihypertensive Medication/Hypertension Control (Young Adults)
Unadjusted Cox proportional hazards limited to young adults demonstrated that 18-29 year-olds had a slower rate of antihypertensive medication initiation or normalization (HR 0.83; 0.66-1.04) compared to 30-39 year-olds (Table 3) . Even after adjustment, age remained a significant predictor of slower medication initiation. yielded similar results, except more primary care clinic visits trended towards faster outcomes (p=0.05), which was previously significant (p=0.004). This finding likely reflects the loss of patients with close follow-up (within 6 months) after meeting criteria for incident hypertension.
DISCUSSION
These important findings highlight patterns of antihypertensive medication initiation among young adults with regular primary care. During follow-up, despite having elevated blood pressures, only 44 % of young adults were started on antihypertensive medication or achieved control before medication initiation, compared to ≥ 55 % in older adults. Patient age remained a significant predictor of antihypertensive initiation even after adjusting for patient and provider factors. A 2012 Cochrane Review on pharmacotherapy for mild hypertension highlighted the need for additional research on risks and benefits of antihypertensive medication for primary prevention. 35 Although our research focused on young adults, which is considered a lower cardiovascular risk group, the majority of our young adults were obese and approximately 20 % currently used tobacco. These additional risk factors with continued elevated blood pressures increase the longterm risk for cardiovascular events among young adults. 36 Although the majority of young adults were male in our study, males had a 36 % slower rate of antihypertensive medication initiation compared to females. Consistent with previous research, males were less likely to be on antihypertensive medication, 4 and National Health and Nutrition Examination Survey (NHANES) data confirmed that across ethnicities, females are more likely than males to be treated for hypertension. 2 Among young adults in our study, White patients were less likely to receive antihypertensive medication. Our findings differed from NHANES (2007-2010) data, which did not demonstrate a significant overall difference between nonHispanic Whites (75.8 %) and non-Hispanic Blacks (75.6 %) for antihypertensive treatment. 2 A possible explanation for our findings is that primary care providers may be responding to the known increased risk of comorbidities with hypertension among minorities, especially African-Americans. 2 Interventions are needed to improve hypertension treatment equally among ethnicities and genders.
There was not a significant difference in predictors of antihypertensive medication initiation between young adults and the overall population. Younger ages continued to have slower rates of antihypertensive medication initiation for the duration of follow-up after adjusting for patient and provider factors. However, it should be stressed that medication initiation and hypertension control were suboptimal in the middle and older age groups, supporting multiple prior studies. 1, 9, 23 In both models, patients with more primary care or specialty visits were more likely to be initiated on medication. These findings are supported by studies in older age groups 4, 37 and highlight the importance of timely clinic follow-up for hypertension management. Although provider factors were not significant among young adults, younger providers were less likely to prescribe antihypertensive medication in the overall population. Previous studies from Spain 38 and Italy 39 demonstrated that practitioners ≥ 50 years old had longer mean hypertension diagnosis times and increased rates of uncontrolled hypertension among older patients (mean 64-66 years old). Our study differences may represent variations in patient populations. To further investigate young adults, we will conduct primary care provider interviews to evaluate hypertension practice patterns among young adults compared to older adults with providers of various ages, experience levels, and practice settings.
Patients with diabetes had a 56 % faster rate of medication initiation/hypertension control across all ages. In previous research, adults with concordant conditions had a higher prevalence of antihypertensive therapy. 4, 40 In addition, the 2013 American Diabetes Association Guidelines recommend that a lower systolic target (< 130 mmHg) be considered in younger patients. 41 The presence of Medicaid significantly predicted a faster treatment rate. This may reflect our study's restriction to patients with a usual source of care. In previous research, absence of a usual source of care resulted in lower hypertension treatment rates. 42 However, even with a usual source of care, this study demonstrated suboptimal hypertension treatment, underlining the need for healthcare system interventions. To improve young adult hypertension control, interventions need to address both bio-behavioral risk factors for hypertension (body mass index, exercise, tobacco use) and antihypertensive medication initiation. 43 The primary strength of this study was the ability to analyze young adults that received regular primary care in a large multispecialty group practice. One limitation is the use of data from a single healthcare system; treatment patterns may differ among other systems and geographic regions. However, this healthcare system is one of the ten largest physician practices in the United States, including over 300 primary care physicians, and 43 primary care clinics in both urban and rural settings, and is owned and operated by various entities including a hospital, a multi-specialty physician group, and an academic center. We were not able to analyze practice type (academic/non-academic) or setting (rural/urban); however, the inclusion of patient demographic, comorbidity, and utilization data with provider data improves the generalizability and clinical applicability of our data. Another limitation is the use of administrative data, which raises the potential for misclassification of a hypertension diagnosis and other comorbidities; however, previously established and published algorithms were utilized to help address this concern. Only 4.5 % of patients achieved blood pressure control before antihypertensive medication initiation, so this study met its goal of generally identifying patients with consistently elevated blood pressures. Additionally, findings were robust to the inclusion of patients who achieved control before medication initiation. In this study, we were unable to identify lifestyle counseling, which is a cornerstone of hypertension management, especially for young adults. Yet importantly, this study demonstrated how few patients were able to achieve control without medication.
CONCLUSIONS
The majority of young adults with incident hypertension and regular primary care had untreated and uncontrolled hypertension. Young adults with Stage 1 hypertension, male gender, and White race/ethnicity were least likely to receive antihypertensive medication or achieve hypertension control. Healthcare system interventions are necessary to improve hypertension management in young adults.
